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@ Stage driving system. 

St) This invention relates to a stage driving sys- 
tern, and provides a system capable of positkuv 
ing with high speed and high predston. The 
system of the present inventkm comprises a 
base member (16), plural movable membeis 
(8a,8b) provided on the base memt)er, and a 
control means (23a,23b,24) for controlling the 
plural movable members so as to substantially 
suppress the vibration of the base member 
caused tv the displaoements of the plural mov- 
atiie meml>ers. 
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moving a movable stage, supporting an aWking apparatus employed for produang 

serving apparatus such as an electron nticroscope. 

Related Background Art 

..electron m^os^peemploying^ne^^^^^^ 

device mamrfacture such as ^^J'^J^^'^^^^^^^Zll S ?he positioning device is usuaOy composed 
specimenl or the work piece is loaded on J^' ^^sbrato hasafuncttonof attenuating 

ofanX-Ystagewhichlsdri.enintwolion^t^^^'rsI^^^^ 

the vibrations by vibration absorbmg means^ f^^^e^UtS ^Ltons transmitted from the floor, but is m- 

position of the positioning device. „„sition control system when a poslttoning device (movatrte 

For example. Fig. 1 shows the error signal In 'P^^^'^j^l* step driven. As shown in Bg. 1. In the 
stage) loaded on a base plate equipped ^"[^T^^^^tnc, Sf the position control system. This 
inib'l stage, there appearsthe.xar«.e^^^^^ 

vibratton however attenuates relabvelyqu.ddy and the v^^^ required fbr po8«k>n. 

♦ b, (X, - X2) * ki - "2) = *i <■•*> 

m^ij ♦b^a*kax« + b,(x,-x,)-ki{x2-'")= t^''> 
whemin symbols have the fbOewing "««.to^- coeff icient of stage [Ns/ml. b, : 

m, : mass of stage Pcgl. m, : mass rfb^ plate ^^^'^^ p^l. k, . spring constant of base 
viscousfnction '^''^^''"'''^^t^^^^^^lj^^ plai U and f, : driving force m 

. plate IN/ml. X, : displacement of stege Im], x, •^'^T:^Qnmt^ an area 3 surrounded by a broken 
The foregoing equations can controlled), and the part except 

tine in Fig. 3. In which said area ^ll^'^'^T^^p^^n detectton/converslon means 4. a com- 
said area indicates a posibon control s^l«^^^^ 

rrs^r^e^s;;— 

"'^r:S-shownmF.g.3fOnctions.n.hef<-.owin^^^^^ 
theerror(d':viation)xo-(x,-x^^enthedete^^^ 

tional gain k, of the position <»«»«««^'^!*^*^*" J^i^Je^ the position control system. Finally a dnvtag 

rf"g"rwatrrrr^^^^ 

-^"efeedbaacdetec^onofposition.re^^nted^^^ 

the positton detection means ■^^''^^^^^^^t^sy^iBn. consists of a WD compens^ 
compensator 6 for impwving the c'««f«"^l**S -^ft^^ating operatton). The symbols m Fig. 3 have 
(P • proportional operation. I . integrating operatk>n. D . differemiaung oi» 

^°"t'?j^rrg:i:'S^^^^^^ 
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IV sec/V]. K, : driver gain [A/V], Td : time constant of driver [sec], K, : thrust constant [K/A], and s : Laplace 

^^Twiu^^^ng the Influence of the reaction by driving the stage 1 on the position (x, - x^). a method of 
detecting the acceleration of the base plate 2 and feeding back a signal, corresponding to said acceleration, 
5 totheinputofthepoweramplifier6fordrivingthestage 1 has been disclosed In "Trial manufacture of Air Bear- 
ing Guided High Speed XY Stage'. Journal of Society of Precision Engineering. 52-10. '86-10-1713. 

SUMMARY OF THE INVENTION 

10 The object of the present invention is to provide a driving system capable of position w'lth a higher speed 
and a higher precision. . . ^ 

A first embodiment of the present invention comprises a base member, plural movable members provided 
on said base member, and control means for controlling said plural movable members in such a manner as to 
substantially suppress the vibration of said base nriember.by resulting from the displacement of 

15 able members. 

A second embodiment of the present Invention comprises a base member, plural movable members pro- 
vided on said base member, and control meansforcontrollingthedisplacementof said plural movable members 
in such a manner that the vibration of said base member, cai^ed by one of said plural movable members is 
substantially cancelled by the vibration of said base member caused by the remaining ones of said plural mov- 

20 able members. ^ .^sy..AA^ 

A third embodiment of the present Invention comprises a base member, a first movable member proviaeo 
on said base member, a second movable member movable relative to the first movable member provided on 
said first movable member, first detecUon means for detecting the acceleration of said first movable member, 
and control means for controlling the displacement of said second movable member by utilizing the acceleration 
25 information detected by sakJ first detection means. 

A fourth embodflnent of the present Invention comprises a base member, a first movable member provided 
on said base member, a second movable member movable relative to the first movable mmber provided on 
said first movable member, first detection means for detecting the acceleration of said base member; second 
detection meansfor detecting the acceleration of said first movable member, and control means for controlling 
the displacement of said second movable member by utilizing the acceleration information detected by said 
first detection means, in such a manner as to shorten the time required for positioning the second movable 
member to a target position. 

A fifth embodiment of the present invention comprises a base member, a first movable member proviaeo 
on said base member, a second movable member movable relative to the f irst movable member provided on 
said first movable member, first detection means for detecting the acceleration of said base nr»ember. second 
detection means for detecting the acceleration of said first movable member, and control means for controlling 
the displacement of said second movable member by utilizing the acceleration information detected by said 
second detection means, in such a manner as to shorten the time required for positioning said second nws^bte 
member to a target position, and also controlling the displacement of said f hst movable member by utfloing 
40 the acceleration information of said base member detected by saW first detection means In such a manner as 
to shorten the time required for positioning said first movable member to a target position. 

A preferred aspect in the foregoing first second, third or fourth embodiment of the present invention in- 
cludes a shock absorbing device for sur^>orting the base member. 

The present Invention provides an exposure apparatus for producing a menwy device, an image pjckup 
45 device, a display device or a magnetic head, equipped with a driving system according to any of foregoing em- 
bodiments. 

BRIEF DESCRIPTION OF THE PfRAWINGS 

50 Fig 1 is a wave form chart showing the step response of a movable stage loaded on a base plate: 

Fig. 2 is a view showing a dynamic model of a movable stage loaded on a base plate, in a horizontal dl- 
rection* 

Fig. 3 is a blodc diagram showing a position control system for a movable stage loaded on a base plate; 
Fig 4 is a view showing schematic configuration of an embodiment of the present invention; 
55 Fig! 5 is a view showing a dynamic model of two movable stages loaded on a base plate, in a horizontal 

F^6 te'a Wock diagram showing the equations of motion of two movable stages loaded on a base plate; 
Fig. 7 is a block diagram showing the position control of a movable stage loaded on a base plate, in which 
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Fi9.8Bls8waveformcha^^h^wmg'^^ k«h „«„t ol the presentinvention; 

TWP PREFERRED EMBOOlMEKre 

i^^D^ lpnON OF THE PREFERRi ,«„,e, oosiUoning device .n which at 

least two movabte ^ ^^^^ „, "Tf "**^%ac«ve force, to the base plate 

.... ft. /w - ^r«^ s f 
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sodrivenastosatisfy. f« = ^^J^^^er such conditton. The equation (3) means 

„,easurementwithlasermt^e^ete^^^ 

areposmonedtounrepresentedmasKs.andareexpo««. „^ ,3a 13b and stages 8a. 

saw masks. tachogeneiatore 14a. 14b. ball screws ^2!> ^^b. n^ p^^woning devices aie 

The DC motors 11a^ ^^^^foaded on the stage base plates 1^;*^^^ n tor isolating (In- 
8b constitute two posrton«g <'«^''*^.^3^in body supported by an antmbratwn dev«» 
„»untedonabasepla^^consUtut.ngama.n «^ ab Oegltai.analo9 converted 
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(OAC) 18a. 18b work on the error, between the outputs of the laser interferometers 1 0a. 1 0b and a target value. 
The outpute of said D/A converters are supplied to both position controllers 19a, 19b and amplifiers 20a, 20b. 
In the speed mode, the outputs of the amplifier 20a, 20b or in the position mode operation, the outputs of the 
position controllers 19a. 19b are respectively selected by electronic switches 25a. 25b. 

5 Drive speed controllers 21a. 21b and current controllers 22a, 22b are connected after the electronic 

switdhes 25a, 25b are connected, so that they are drived in order. Thus the DAC 18a. 18b, position controllers 
19a, 19b. amplifiers 20a, 20b, electronic switches 25a, 25b, speed controllers 21a. 21b and current controllers 
22a, 22b constitute the speed/position control devices 23a, 23b. 

In the above-explained configuration, the speed/positfon control device 23a for driving the stage 8a and 

10 the speed/position control device 23b for driving the stage 8b are both controlled by a synchron controller 24. 
In this embodiment the synchron control Is executed in such a manner that the stages 8ai, 8b are driven in 
the mutually opposite directions. More specifically, the stages 8a and 8b are both driven in the speed mode 
for the most part of the moving stroke thereof, then switched to the positfon mode when they come dose to 
the target positions, and are finally positioned to the target positions. In these operation modes, the speed 

IS mode consists of three periods of acceleration, constant speed and deceleration, and the reactive force for 
driving the stage are principally generated in the accelerating and decelerating periods. Therefore, the syn- 
chron controller 24 controls the driving of the stages 8a. 8b in such a manner that they mutually coincide m 
the start timing of acceleration and deceleration and in the impulse which is the product of the duration of ac- 
celeration or deceleration and the driving fbrce generated by the current controller 22a. 22b but are mutually 

20 opposite in the sign of said impulse. In this manner, as already explained In Rgs. 5 and 6, the reactive forces 
of the stages 8a. 8b to the base plate 16 mutually cancel, so that the vibration thereof caused by the stages 
8a, 8b is suppressed. 

In the above-explained embodiment, two positioning devices of almost same characteristics are mounted 
on the base plate and are driven under the control of the synchron controller 24. In more details, the stages 

25 8a. 8b are substantially same In their mass, the DC motors 11a, lib are almost same in their kind, and the 
m^hanisms composed of the b&II screws 12a, 12b and the nuts 13a, 13b are substantially same in their vis- 
cous friction, static friction, spring constant and driving pitch. 

Howev er, there ma v.t^_adopted otjierop^^ !^.!^?.^^.P'.^*® '^.5"P!' 

preyed by mu tual cancell a tion of the re active iforces g e nerated by the s tag^^ the equatio h (3). 

30 Nainely, the positioning devk»s need not be of same characteristics, and the stages 8a and BBn^y^ drffeien! 
in their masses. Two stages need only to be driven with coinciding timing of the acceleration and deceleration 
and wrth a same absolute value of the Impidse at the acceleration and deceleration but wfth opposite signs of 

said impulse. ^♦u-* 
The two positioning devices shown in Fig. 4 are both provided with moving n^echanisms composed of tne 

35 DC motors 11a, lib. tachogenerators 14a, 14b, ball screws 12a, 12b, nuts 13a. 13b and stages 8a, 8b, but 
mechanisms are naturadly not limttatwe. For example any of the positioning devices is provided with a ball screw 
and a nut for movement conversion, while the other may employ a linear motor as the actuator, with the move- 
ment conversion mechanism. 

In the foregoing there is provided a composite positioning device in which at least two stages are loaded 

40 on a base plate and are driven in synchron manner that their reactive forces mutually cancel, whereby the base 
plate does not vibrate. Since the base plate is no longer excited for vibration, the vibration of the base plate 
does not superpose on the positioning wave form of the stage as shown in Fig. 1 , so that the time required 
for positioning can be shortened. Also since hwo stages are loaded on the same base plate, the required floor 
area can be economized in comparison with the case of employing plural sets of the apparatus each Including 

45 one stage on the base plate. Furthermore, the transporting apparatus for handling the object to be loaded on 
the stage has been required for each unit but in the present invention, there is only required a bansporting 
apparatus for a composite positioning device Including at least two stages, so that the cost can be reduced 
without increased in the required floor space. , 
Furthermore, since it Is no longer necessary to consider the antivibretion problem resulting fironri the driving 

50 of the stages, the base plate can be designed solely in consideration of the elimination of vibration and can 
achieve highly effective elimination of vibration. 

Forthe dynamic model of two freedoms including the base plate 2 shown in Fig. 2 and the stage 1 shown 
in Fig. 2. there are obtained following equations of nK>tion, in consideration of the external perturt)ation: 

^ mi ♦ b, (xi - X2) •^i (xi - X2) = fi (3a) 

wherein symbols have the foQowing meanings: 
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m, : mass of coarse movement stage (kg] 

m2 : mass of base plate [kg] 

b^ : viscous friction coefficient of coarse movement stage [Ns/m] 

b2 : viscous friction coefficient of base plate [NsMi] 

5 k| : spring constant of coarse movement stage [N/m] 

k2 : spring constant of base Plate [N/m] 

: displacement of coarse movement stage [m] 

X2 : displacement of base plate [m] 

f, : driving force for coarse movement stage [IM] 

The folSSg fq^tons can be represented, in a block diagram, by a controlled object 30 shown by a brok- 
en-lined frame in Fig. 7. In the following there are defined relations among fi, i^. xt and xj. wherein s stands 

for a Lafrface operator. . w *i / ^ ^ 

Xi = {(m2s2 + biS ♦ kalf,* (biS + k,)i^Q{s) (4a) 
X2 = {-mis2fi ♦ (m,s? ♦ biS ♦ k,)f,«)/g(s) (4b) 
g(s) = (mis2 ♦ b,s ♦ ki) {mjs^ ♦ (bi + b2)s + {k, * kj) - (biS ♦ k,)^ (4c) 
Thus the relative displacement (X| • xj) can be defined by f , and fext as fbOowing equation. The position Is 
detected by the relative displacement (x, - xj) because, as already explained above, the laser interferometer 
for position detection is mounted on the base plate 2. * ^ ^ ^ 

<xi - X2) = {I(m, ♦ ♦ bas ♦ kjf, - nhB^^!{{m,s^ ♦ b,s ♦ k,)[m2S* ♦ (b, + t)2)s ♦ (k, ♦ 

kJl - (biS * k,)2} (5) 
in the following, the effea of feedback in the acceleration of base plate, disclosed ^^f 
refold -Trial munufacturing of Air Beating GuWed High Speed XY Stage- (JSPE.52.10. •86-10.1713)- will 
be considered, tiased on equations of motion. 
25 At first there stand following equations of motion: 

mi5, + b,(x, - xa) + ki(Xi - xj « fi + (So) 
mjxj ^ b2X2 k2X2 + bi(x2 - xi) ♦ k,(xa - Xi) « -(fi + A^z^ ♦ f«i (6b) 
An equation corresponding to (5) can be represented In the following manner. 
30 (X, - xa) - {Urn, * ma)s^ * b^s 4. kaJf, ♦ (A - m,)s2fa«)/{(m,82 * b,s * k,)lmaS^ ♦ (b, ♦ ba)s ♦ 

(k, *ka)]-(biS*kO(As2*b,s*k,)} (7) 
As will be apparent from the foregoing equation, the influence of the disturbance f«a on the relative die- 
placement(xi - xa) can be made zero by selecting the acceleration feedback gain A as: 

A = mi (8) 
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The mlattonofthe foregoing e<,uation(8)isdiscussedintheabsence<rfap«^ 

Object 30. but said equation (8) can also be derived in case a position control loop b '^^^^^J^JT 
DOM of this confirmation, there will be explained, in the following, the extent of alleviation of Infhienceof the 
dWurtance f«. Ua» the relative displacement (x, - xj in case the feedback is applied to the acceleration of 



In Rfl 7 there are shown a controlled object 30. a position detection/conversion means 4. a compensator 
5 for improving the characteristics of the position control system, a power ampliTier 6. a thrust constant 7 of 
the acti«tor. and a base plate acceleration feedback circuit 80. The position detection/coiivefsion means 4 in- 
cludes a position detector such as a laser interferometer and a counter. 

The circuit shown in Fig. 7 functions in the following manner. At f iret the relative <»«P'?"'"«V^' * 
detected, and theerrorxo - (X, - x»)from the target positfon X, is multiplied by the ^sttwn gam ^ 

detection/conversion means 4. The obtained output drives the power amplifier 6 through the oampe'^f 
for improving the characteristics of the position control system, thereby finally generating «J^J^^ 
through the conversion by the thrust constant K, of the actuator for driving the stage 1. In the configuration 
Shown in Fig. 7. said compensator is composed of a PID compensator, wherein ^"^^^^^^^^ 
ation I means an integrating operation and D means a differentiating operation. Also the illustiated symbols 



Kp 


positkmal gain 


CV/m] 


F. 


P-operation gain 


(V/V) 


F, 


l-operation gain 


[VA/sec] 


Fv 


D-operation gain 


(VsecA/1 


K, 


. power amplifier gain 




T« 


: time constant of power amplHier. 


Ki 


: thrust constant 


[N/Al 



[sec] 
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Ao : base plate acceleration feedback gain | V/m/sec?] 
T3 : time constant of acceleration signal {sec] 

On the position control system shown In Fig. 7. the transfer function from the target position Xo and the 
disturbance fexi to the relative displacement (x, - is represented by the following equations, in which the 
5 base plate acceleration feedback circuit 8 is not yet applied: 

(xt - X2) = {KpK,Kjr(mi ♦ m2)s2 ♦ bjs + k^(f^^ ♦ F^s ♦ F.) xo - mis3(1 + sT JfeJ/{sg" (s) ♦ 
KpK,KJ (mi ♦ m2)s2 ♦ bjs ♦ kj (Fv,* ♦ F„ ♦ F,) ) (9a) 
g» =^ (1 ♦ sTd)g(s) (9b) 
Then the relation when the base plate acceleration feedback circuit 8 is acth^ated is represented by the 
10 following equations: 

(X, - xj) = {KpK,KK1 ♦ sTa)[ (m, + mjs^ + bjS ♦ kJ(Fv»2 F„ F^Xo ♦ sfK^KAiS^ - m,sH^ + sTJ 
(1 ♦ sT4»fexJ/{sgXs) + KpKtMl ♦ sTa)[(mi ♦ ♦ bjs ♦ kJCF^.^ + F« ♦ FO) (10a) 

g'(s) (1 ♦ sT.)(1 ♦ sTJg(s) + AaK,K,m,s* (10b) 
These equattons (10a) and (10b) Indicate that the positioning time is the sum of response from the target 
IS position x© and that from the disturbance f«i. It is important, not only for reducing the positioning time but also 
for securing the accuracy of position, to suppress the influence of the disturtiance on the relative displacement 

(X| - X2). 

Now. let us consider the response to the disturbance only in the equation (10a) by substituting x© = 0. 
In the polynomial of the denominator of the term representing the disturbance the interior of the parentheses 
20 [) is: 

K|K»AaS2 - miS2(1 ♦ sTJ (1 ♦ sT^) (11) 
Consequently, the response to the disturbance f«t can be considerably reduced in comparison with the 
case of (9a). by setting the base plate acceleration feedback gain Ae as foltowing equation: 

A. = m,/K,K, (12) 

25 This equation is similar, In the meaning, to the equatton (8). More specifically, in the equation (8), the feed- 

back gain Afor the base plate acceleration is represented as the unit of mass, t>ut, in the case off the equation 
(12), the acceleration detection gain A^ is represented as the unltof V/hVsec^. and the gain and the time con- 
stant of the power amplif ier 6 for generating the driving force are taken into consideration. Consequentiy there 
is no basic difference in discussion, and the above-mentioned equations are mutually equivalent if the following 

30 relation is assumed: 

A = A.K|K| (13) 

The foregoing analysis Indicates that the effect of the acceleration feedback for reducing the influence of 
the disturbance fna on the relative position (x, - X2) may t>e discussed in the presence of a control loop such 
as a position control system, but can also be discussed, for the purpose of simplicity, for a configuration in- 
35 duding the controlled object only, not involving the control loop. In summary, there has been illustrated, in the * /* 
positioning in case a stage is loaded on a base plate, the effect of feedback on the base plate acceleration for 
reducing the Influence of the dlsturt)ance on the relative displacement (xi - x^) obtained by position detection 
of the stage. 

Thus, the transfer functions from the disturtmnce 1^ to the relative displacement (xi - X2) In the at»senoe 
40 of the acceleration feedback and in setting an optimum feedback gain according to the equation (1 2) assume 
the following forms: 

(1) In the absence of acceleration feedback: 
(Xt - X2)fli«, = {-mis»(1 ♦ sTd)}/{sg"(s) ♦ KpKtMl ♦ sTJ [(m, ♦ mjs* + bjs + kJ(F« ♦ F„ ♦ 

Ft)} (14) 

45 (2) With the optimum acceleration feedback: 

(xi - X2)/f«n = {-miS*(T. + Td + sT.TJ}/{sgXs) + KpK.KK1 ♦ sTJKm, ♦ rr\^^ ♦ bjs + kj (Fv,^ 

*f»^ F,)) (15) 

Comparison of the numeratora of the equations (14) and (15) indicates that the number of order is lower 
by one in the equation (14). Also the numerical analysis and the measfurad frequency response indicate that 
so the dominant poles of the characteristic equations of the position control system are scarcely affected by the 
presence or absence of said feedback. Thus the comparison of the number of order of the numeratora of the 
equations (14) and (15) Indicates that the response of the low frequency components is suppressed in com- 
parison with the case without said feedback, by optimum setting of the gain such as acquired by an equation 
(12). 

55 The foregoing numerical relations are verified experinrontaOy. by the step response wave form of the stage 
in the presence and absence of the base plate acceleration feedback. Fig. 8A shows the error output of the 
position control system in the step response of the stage, without the base plate acceleration feedback. In this 
case, there is observed a transient osctHation with the natural frequency of the position control system, followed 
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by a prolonged vibration with the natural frequency of the base plate mechanism. On the other hand. Fig. 8B 
shows a case in which the base plate acceleration feedback is set with substantially optimum conditions. 
Though a transient vibration occurs also with the specific frequency of the control system in the inibal stage 
of step response, the subsequent vibration wfth the specif ic firequency of the base plate mechanism is satis- 
factorily suppressed. 

The foregoing embodiment relates to the position in case stages alone are mounted on the base plate, 
and is to improve the precision of position and the time required therefor, in the presence of an disturbance. 
However in an position device including a fine movement stage on a coarse movenr«nl stage mounted on the 
base plate, the performance of the uppermost fine movement stage plays an important role. Such siUiabon 
will be quite obvious in case such position devtee is a stepper. More specifically, an improvement in the pre- 
cision of printing on a wafer cannot be achieved by the improvement in the positioning performance of the 
coarse movement stage against the disturbance, unless the positioning performance of the fine movement 
stage mounted thereon is also likewise considered. Stated diffwentiy. whatf inally matters Is not the positioning 
precision of the coarse movement stage, but the printing accuracy. In order to improve said printing accuiaq^. 
it is necessary to improve the positioning precision of the fine movement stage, which directty positions the 
wafer present in the uppermost position. . »k— -» i. i« «, 

The fonowing embodiment is provided in consideration of the foregoing, and the object thereof is. in an 
positioning device comprising a coarse movement stage mounted on a base plate and a fine movement stage 
provided thereon, to cancel or to significantly reduce the influence of an disturbance, applied to the base plate, 
on the positioning performances of said fine movement stage and said coarse movement stage. 

The present embodiment provides a position control device capable of multiple acceleration feedbacks by 
detecting the acceleration of the base plate and adding said acceleration ot the driving force for the coarse 
movement stage, and also detecting the acceleration of said ^coarse ntovenwnt stage and adding said accel- 
eration to the driving force tor the fine movement stage. 

Fig 9 is a control block diagram of s^ position control system for providing composite acceleration feed- 
back to'an positioning devfce for an exposure apparatus, constituting an embodiment of the present invention 
and consisting of a base plate, a coarae movement stage and fine movement stage for supporting a wafer or 
a substrate to be exposed. Prior to the explanation of the system shown in Fig. 9. the related technology wil 
be explained by a dynamic model, with a horizontal axis, of the positioning device consisting, as shown in Fig. 
30 10 of a base plate, a coarse mevement stage and a fine movement stage. 

' Fig 10 shows a dynamic model in which a coarse movement stage 1 is mounted on a base plate 2. and 
a fine movement stage 90 Is mounted on said coarse movement stage 1 . Following equations of motion aie 
obtained with symbols shown in Fig. 10: 

mBX„ ♦ bB(xB - x,) ♦ kB(XB - x,) = fa (16a) 
m, ♦ b,{x, - xj ♦ k, (X, - xj ♦ bB(x, - Xb) ♦ kB(x, - Xb) = f, - fa (1«>) 

mjit, + *h*2 ♦ kjxj ♦ b, (xj - x,) ♦ k, (xj - x,) = -fi ♦ t«i (IBc) 
wherein the symbols have the same meanings as in the equation (3). and addittonal symbols have the following 
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meanings: 

ba 
Kb 
xb 



mass of fine movement stage [kg] 
viscous friction coefficient of fine movement stage (Ns/m] 
spring constant of fine movement stage [N/m] 
displacenwnt of fine movement stage [m] 
f. : driving force for fine n»vement stage IN) j k- - 

The equations (16a) - (16c) can be represented, in block diagram representatton. by a controUed olqeci 
110 indicated by a broken-lined frame in Fig. 9. In Fig. 9 there are provided a power amplifier 111 fordrivir« 
theflne movement stage 90; a compensating circuit 112for improving the characteristics of the position con&ol 
system to the fine movement stage 90; position detection/conversion means 113; a power amplifier 115 for 
driving the coarae movement stage 1: a compensating circuit 116 for Improving the chaiBctenst.cs the poe- 
" ition control system for the coaree movement stage 1; and position conversten means 117. TTie alwve- 
mentioned position control system is further provided with a multiple acceleiatton feedback syslwn for guiding 

the acceleration x, of the coarse movement stage 1 to a coarse movenwnt stage acceleration ^b^ 
drcuit 14 and addii^ the same to the Input of the power amplifier 111. and also guiding the acceleration 



^2 of the base plate 2 to a base plate acceleiBtion feedback circuit 118 and adding the same to the input 
of the power amplifier 115. The effect of such composite acceleration feedback wUI be shown as fbltows. 
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In the following, based on the equivalent character of the equations (8) and (12). there will be given equa- 
tions when the acceleration feedbacks for the base plate and the coarse mevement stage are simultaneously 
applied to the controlled object 110 consisting of the base plate acceleration feedback and the coarse nK>ve- 
ment stage. Thus the following discussion is in a state without the control loop for position or speed, for the 
coarse movenient stage and for the fine nrK)vement stage. 

When the multiple acceleration feedback is applied to the dynamic model shown in Fig. 10, there are ob- 
tained following equations of motion and a block diagram presentation shown in Fig. 11: 

ma ♦ bB(XB • Xt) * keCxe - Xi) = fe ♦ B (17a) 
fn.^X + - X2) + k, (X, - X2) + bB(x, - Xb) ♦ kB(x, - Xb) = fi ^,f<^2 ' " ^^1 ^^^^ 

m2^2 * * - Xt) ♦ ki (X2 - xi) = .ft - A ^2 * (^^c) 

Simple calculations provkie transfer functions from the dlstuibance f^^ to the relative displacement, (Xb - 
Xt) and (xt - xa) in the fbllowing equations: 

(xe - Xt)Afe« = { (As2 ♦ bts + k,) (B • mB)s2)/D-(s) (18a) 
(X, - X2)/fext = {(mBs2 + bfiS ♦ ke) [{A - (mt ♦ B))s^ - bes - k^OTW (18b) 
D'(s) = (mes^ + beS ♦ ke) {(mt ♦ B)s2 ♦ (bt + bB)s ♦ (kt ♦ kB)K(A ♦ mjsz ♦ (b, ♦ b2)s ♦ (kt ♦ 
kj) - (mes^ + beS ♦ ke) (As^ + btS ♦ ki)(b,s ♦ kt) - {(A ♦ rr^s^ ♦ (b, ^ b2)s ♦ (kt ♦ kJXBs^ 

+ beS ♦ ks) (beS -i^ ke) (18c) 
The equation (18a) indicates that the influence of the disturbance f^^ on the relative displacement (Xb - 
Xt) can be reduced to zero by selecting the gain B of the acceleration feedback of the coarse movement stage 
as: 

B = mg (19). 

Also, the equatton {16b) indicates that the influence of the disturbance on the relative displacement 
(xt - X2) can be reduced by selecting the gain A of the acceieratk>n feedback of the base plate as: 

A « mt + B = m, ♦ me (20). 
Stated dif ferentiy, the optimum value of gain B of the acceleration feedback of the coarse movement stage 
corresponds to the mass of the movable part of the fine movementstage 90 mounted onsaM coarse movement 
stage 1, and the optimum value of the gain A of the acceleration feedback of the base plate corresponds to 
the total mass of the coarse movement stage 1 and the fine movement stage 90 nwjunted on the base plate. 
By optimizing the composite acceleration feedback as explained above, the influences on the coarse move- 
ment stage and the fine movement stage resulting firom the disturbance applied to the base plate can be si- 
multaneously eliminatsd or reduced. 

The equations (19) and (20) stand also when a control system is constructed for the fin© movement stage 
90 and the coarse movement stage 1. This fact yms already demonstrated In the derivation of the equations 
35 (8) and (12). Consequenfly. the suppressing effect of the multiple acceleration feedback on the influence of 
the disturbance remains also when position control systems are provided for the fine movement stage 90 and 
the coarse movement stage 1 as shown in Fig. 9. 

In the fbregang embodiment the feedbacks of the coarse movement stage acceleration and of the base 
plate acceleration are simultaneously applied, respectively, to the fine movement stage 90 and the coarse 
40 movement stage 1. However, there may only be applied the feedback of the coarse movement stage acceler- 
ation to the fine movement stage 90, as shown in Fig. 12. In such case, the transfer function firom the distur- 
bance trt applied to the base plate to the relative displacement (xe - Xt) is represented as follows: 

(Xb - x,)yf«« = (b,s ♦ kt)(B - mB)s?rt)(s) (21a) 
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DCs) = (ro^s^ + bgS + kgXCm^ + B) 

+ (b^^ + bg)s + (kj^ + kg)}{(m2S^ 
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+ k^) (b^s + k^)^ - {mjs^ + (b^ + b2)s 
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+ (kj^ + kj) } (Bs^ + bgS + kg) (bgS + kg) 

(21b) 



The meaning of the foregoing equations is same as that of the equations (8) or (18a). The influence of 

9 



EP 0 557 100 A1. 



the distrubance f.„ applied on the base plate can be cancelled by selecting the gain B of the acceleration feed- 
back of the coarse movement stage equal to the mass iUb of the fine movenient stage. 

In contrast to the conventional technology dealing wHh a coarse nrovement stage consisting of a single 
movable mechanism mounted on the base plate, the present embodiment deals with a positioning device con- 

5 sisting of three movable mechanisms. In this configuration, the influence of.the disturtwnce applied to the 
base plate, to the uppermost fine movement stage can be alleviated by adding the acceleration of the coarse 
movement stage, present as the intermediate stage, to the driving force for the fine movement stage. 

In the foregoing embodiment, the base plate constitutes a passive antivibration unit, but it may be an active 
antivibration device. Thus, also In a configuration of the positioning device consisting of an active antivibration 

to device a coaree movement stage mounted thereon and a fine movement stage provided thereon, the cwn- 
posite acceleration feedback is effective tor reducing the Influence of the disturbance applied to said acbve 

antivibrafon device. ^, ■ *™ 

As explained in the foregoing, in an positioning device provided wit h three movable mechanisms, the fore- 
going embodiment is capable of simultaneously alleviating the influences of the disturbance, applied to the 

IS base plate, on the positioning characteristics of the uppermost fine movement stage and on those of the in- 
termediate coarse movement stage. Consequently, if said positioning device is employed In the X-Y stage dnv- 
ing system of a stepper, there can be improved the precision of printing on a wafer. wherel>y obtained are an 
improvement in the productivity and production yield, and a reduction in cost, of IC chips. 

In the following there will be explained an example of manufacturing method for semiconductor devices. 

20 utilizing the exposure apparatus explained above. Fig. 13 is a flow chart of the manufacturing P««f ss for a 
semiconductor device (a semiconductor chip such as IC or LSI. a liquid crystal display panel or a CCD). Astep 
1 (ciicuit design) effects circuit designing fbr the semiconductor device. Astep 2 (mask preparation) prepares 
a mask bearing a pattern of the designed dicults. On the other hand, a step 3 (wafir preparation) P«pai^ a 
wafer. uUlizing silicon or the like. Astep4 (wafer process), called front-end process, utilizes thus prepared vrafer 

25 and mask and forms the actual circuits on the wafer by a photo-lithographic process. Anext step 5 (assemt^y). 
called rear-end process, prepares a semiconductor chip from the wafer processed in the step 4. and mdudes 
an assembly step (dicing and bonding), a packaging step (chip sealing) etc. A step 6 (Inspection) effects in- 
spections such as a testfor confirming thefiinctkm and a testfor confirming the durability of the senuconduclor 
device prepared in the step 5. The semiconductor device Is completed through these steps and is shipped out 

JO (step 7). . ^ ^ 

Fw 14 shows the detailed flow of said wafer process. A step 11 (oxidation) oxidizes the surface of the 
wafer Astep 12 (CVD) forms an Insulation film on the wafer surface. A step 13 (electrode formation) fornr« 
electrodes on the wafer by evaporation process. A step 14 (Ion implantation) implants ions into the wafer^ 
step 15 (resist process) coats a ptiotosensitive material ontothe wafer. Astep 16 (exposure) exposes the wafer 

35 to the circuit pattern of themask. employing the above^xplalned exposure apparatus. Astep 17 (<*fvf»^®™> 
develops the exposed wafer. A step 18 (etching) etches off the portions other than the developed photoresirt 
image. Astap 19 (resist stripping) removes the resist, which has become unnecessary after the etching. Circuit 
patterns are formed Iri miJtlple layers on the wafer, by the repetition of these steps, 

40 

Claims 

1. A device comprising: 

a base memt>er 

45 plural movable members provided on said base member and 

control means fbr controlling said plural movable members so as to substantially suppress the vi- 
bration of said base member, caused by the displacements of said plural movable numbers. 

2. A device comprising: 
50 a base member; 

plural movable members pro^^ded on said base member and ^ ^^^^ t 

control means for controlling the displacements of said plural movable members such that the vh 
bfation of said base member, caused by one of said plural movable members Is substantially canceUed 
by the vibration of said base member caused by the other movable members. 
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A device according to dalm 2, wherein said control means Is adapted to move said plural ^^^^JJ^ 
bers in such a manner that the start time of acceleration mutuaDy coincide with the start time ^ deoete^ 
ation in displacements of the plural movable members, and that the sum of the impulse of the driving Idroe 
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for the movable members by the accelerating time and the impulse of the driving force for the movable 
members by the decelerating time becomes substantially zero. 

4. A device according to daim 2. further comprising a damping device supporting said base member. 

^ 5, A device according to daim 3. further comprising a damping device supporting said base member. 

6. An exposure apparatus comprising: 

a base member; 

a damping divice for supporting said base memben 

plural movable stages provided on said base nf^mber and induding at least a stage supporting a 
substrate to be exposed to light; and 

control means for controlling the displacements of said plural nwvable stages in such a manner 
that the vibration of said base mender caused by one of said plural nwvaWe members is substantially 
cancelled by the vibration of said base member caused by other nravable members. 

15 

7. An exposure apparatus according to daim 6, wherein said control means is adapted to move said plural 
movable stages In such a manner that said plural movable stages mutually coindde. in their displace- 
ments, in the start timings of acceleration and deceleration, and that the sum of the products of the driving 
forces for displadng said movable stages and the accelerating and decelerating times becomes substan- 
ce tiallyzero. 

8. A method for fabricating a device by placing a substrate to be exposed on a nnovable stage provided on 
a base member and exposing said substrate placed on said stage comprising the steps of. 

pladng another movai)le stage on said base member 
25 and controUing the displacements of said plural movable stages In such a manner that the vibration 

of said base member caused by one of said plural movable stages Is substantially canceUed by the vibra- 
tion of said base nnemK>er caused by the other stage. 

9. A method according to daim 8, wherein said plural movable stages are moved In such a manner that said 
30 plural movable stages in their displacements mutually coindde in the start timings of acceleration and de- 
celeration, and that the sum of the products of the driving forces for proving said movable stages and the 
accelerating and decelerating times becomes substantially zero. 

10. A device comprising: 
33 a base memk>er; 

a first rravat>le member provided on said base fnefnt>en 

a second movable memt>er movable relative to said first movable member, provided on said first 
movable member 

first detection noeans for detecting the acceleration of said first movable memben and 
^ control means for controlling the displacement of said second movable member by utilizing the ac- 

celeration infornnation detected by said first detection means. 

11. A device according to daim 1 0. further comprising a damping device for supporting said base member. 

12. A device comprising: 
^ a base memben 

a first movable memt>er provided on said base member, 

a second movable member movable relative to said first movable member, provided on said f ifsl 
movable member 

first detection means for detecting the acceleration of said first movable mentber. and 
control means for controlling the displacement of said second movable member so as to reduce 
the time required for positioning said second movable member at a target position by utilizing the accel- 
eration information detected by said first detection means. 

13. A device according to daim 12. further comprising damping device for supporting said base member. 
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14. A device comprising: 
' a base member. 
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a first movable member provided on said base member 

a second movable member movable relative to said first movable member, provided on said first 
movable member, 

first detection means fa- detecting the acceleration of said base member, 
5 second detection means for detecting the acceleration of said first movable member, and 

control means for controlling the displacement of said first movable member in such a manner as 
to reduce the time required for positioning said first movable member to a target position by utflizing the 
acceleration information detected t>y said first detection means, and controlling the displacement of said 
second movable member so as to reduce the time required for positioning said second movable member 
10 to a target position, utilizing the acceleration information detected by said second detecUon means. 

15. A device according to claim 14, further comprising damping device for supporting said base membw. 

16. An exposure apparatus comprising: 

a base member; 

a damping device for supporting said base member, 
a f irst movable stage provided on said base member; 

a second movable stage movable relative to said first stage provided on said first movable stage, 
for supporting a substrate to be exposed; 

first detection means for detecting the acceleration of said first movable stage; and 
^ control means for controlling the displacement of said second movable stage so as to reduce the 

time required for positioning said second movable stage to a target position, utilizing the acceleration in- 
formation detected by said first detection means. 

17. An exposure apparatus comprising: 

a base meml)er; 

a damping divlce for supporting said t>ase meml)er; 

a first movak>le stage provided on said t>ase memt>er; 

a second movable member provided on said first movable stage; 

first detection means for detecting the acceleration of said base member, 
^ second detection means for detecting the acceleration of said first movable member; and 

control means for controlling the displacement of said first movable stage so as to reduce the ttfne 
required for positioning said first movable stage to a target position by utilizing the acceleration Information 
detected by said first detection means, and contr6lllng the displacement of said second movable stage 
so as to reduce the time required for positioning said second movable stage to a target position by uttong 
^ the acceleration information detected by saw second detection means. 

18. Amethod for fablrcating a device by placing a substrate to be exposed on a second movable stege. pro- 
vided on a first movable stage positioned on a base member and exposing said substrate placed on said 
second nwvaWe stage comprising the steps of: «^ «^.ir--« 

^ controlling the displacement of said second movable stage so as to reduce the time requiwi for 

positioning said second movable stage to a target position by utilizing the acceleration information of said 
first movable stage. 

19 A method for fabricating a device by placing a substrate to be exposed on a second movable stage, pro- 
45 ■ vided on a first movable stage positioned on a base member and exposing said substrate placed on said 

second movable stage comprising the steps of: ^ . 

controlling the displacement of said second movable stage so as to reduce the time required fw 
positioning said second movable stage to a target position by utilizing the acceleration Informabon of saKi 
first movable stage; and 

so controllins the displacement of said first movaWe stage so as to reduce the time required for pos- 

itioning said first movable stage to a (aiget position, utilizing the acceleration information of said base 
memk)er. 
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